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SUMMARY 
Force and moment tests have been conducted on both sharp and spherical 
blunted cone configurations having semivertex angles of go in the Langley 11-inch 
hypersonic tunnel at a Mach number of 6.77, a Reynolds number per inch of 135,000, 
and an angle-of-attack range from 0' to 1800. 
Analysis of the results indicates that a second stable trim condition can 
exist near a = 180' 
ness ratio of the cone. However, it appears that this condition may be prevented 
by the addition to the basic cones of spherical afterbody caps whose centers of 
curvature coincide with the respective moment references. 
for flat-base cone configurations depending upon the fine- 
A comparison of the experimental data with theory by using a combination of 
impact and modified Newtonian theory over different portions of the body shows 
that, except for the stable region at an angle of attack of 180° for the blunt 
cones, the method provides an adequate means of predicting the general trends 
of cone configurations throughout the entire 180° angle-of-attack range - More- 
over, the actual magnitudes of the characteristics are predicted satisfactorily 
in many instances. 
cantly overpredicts the lift-curve slope CL, and the negative pitching-moment- 
curve slope Cm, for the cones with large nose bluntness. 
At an angle of attack of Oo, however, the method signifi- 
INTRODUCTION 
In order to provide range control and to alleviate aerodynamic loading and 
heating during the reentry of a vehicle, the flight attitude can be modulated 
with time through large angles of attack. Also, unforeseen disturbances may be 
encountered which might cause the vehicle to tumble or reenter at random angles 
of attack. Therefore, in order to study this motion, it is important to know 
the aerodynamic characteristics of the vehicle for all possible flight attitudes. 
Furthermore, it is desirable to be able to predict these characteristics with 
reasonable accuracy without conducting extensive wind-tunnel tests. Many differ- 
ent shapes, including various combinations of cones, cone frustums, and spherical 
noses or afterbodies, are used in the design of these reentry vehicles. 
ent investigation, however, is limited to a 90 semiangle cone configuration, with 
and without spherical afterbody caps, spherically blunted with nose bluntness 
ratios of 0, 0.32, and 0.65. 
The pres- 
Considerable data are available on sharp as well as blunted cone configura- 
tions below an angle of attack of 60' (for example, see refs. 1 to 5); however, 
only a limited amount of information is available on cones at higher angles of 
attack. In reference 6, a comparison is made between theory and experiment for 
the aerodynamic characteristics up to an angle of attack of 1300 at a Mach nun- 
ber of 6.8 for sharp cones with various semivertex angles, but no pitching-moment 
data are presented. A pressure study was reported on both sharp and blunted 5 O  
and 15' semiangle cones at a Mach number of 3.9 in reference 7 up to an angle of 
attack of looo. 
ducted on a sharp and blunt 15' semiangle cone up to an angle of attack of 90° 
at M = 6. 
an angle of attack of 180° are given in reference 9 for Mach numbers from 0.6 
to 5.5 and in reference 10 for Mach numbers from 1.60 to 4.50. 
In the study reported in reference 8, pressure studies were con- 
Force and moment characteristics for various cone configurations to 
Because of the scarcity of experimental force and moment data on cone con- 
figurations over a wide angle-of-attack range, the present investigation was 
undertaken. The purpose of this report is to present the results of this inves- 
tigation and assess the ability of Newtonian theory to predict the experimental 
aerodynamic characteristics over an angle-of-attack range from 00 to 1800. 
SYMBOLS 
axial-force coefficient, Axial force 
L S  
Drag drag coefficient, -
9mS 
Lift lift coefficient, -
%us 
lift-curve slope at a = Oo, 9, per degree da 
Maximum lift maximum lift coefficient, 
Pitching moment pit c hing-moment c oe f f i c ient , 
%SD 
dCm pitching-moment-curve slope at a = 00, -, per degree 
da 
Normal force normal- fore e c oe f f ic i ent , 
P - P, 
&o 
pressure coefficient, 
maximum pressure coefficient behind normal shock 
lift-drag ratio 
maximum lift- drag ratio 
nose bluntness ratio, ratio of vertical height between spherical 
nose tangency point and model center line to radius of base 
cone base diameter, in. 
free-stream Mach number 
pressure, lb/sq in. 
free-stream pressure, lb/sq in. 
cone base area, 
free-stream dynamic pressure, lb/sq in. 
angle of attack (angle between model center line and wind vector), deg 
ratio of specific heats 
local flow deflection angle, deg 
2 D2, sq in. 4 
MODELS 
Photographs of the various models used in the present investigation are 
shown in figure 1. Detail drawings of these models are presented in figure 2. 
Basically, the models consisted of 9' semivertex cones, with and without spher- 
ical afterbody caps, spherically blunted with nose bluntness ratios h/R of 
0, 0.32, and 0.65. The centers of curvature for the spherical afterbody caps 
were selected so as to coincide with the moment reference location. All models 
were constructed of aluminum. 
3 
L-62-5008 
Figure 1.- Photographs of models . L-62-5009 
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Cones 
Cone 
model 
I 
I 
I 
I1 and 111 
11 and 111 
Afterbodies 
Angle- of- a t t a c k  Dimension, D, 
range, deg in .  
0 t o  57 1.950 
45 to 135 1.575 
0 t o  30 2.250 
30 t o  180 1.950 
1.950 130 t o  180 
t+----- 3.155 -1 
1.150 D J  
I 
2.120 D 
I1 
1.047 D Y  
I11 i 
P . 7 0 2  D 4 I11 
Figure 2.- Details of cone6 and af te rbodies .  
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APPARATUS AND TESTS 
Tunne 1 
The t e s t s  were conducted i n  t h e  M = 6.8 Inva r  nozzle of  t h e  Langley 11-inch 
hypersonic tunnel .  A d e s c r i p t i o n  of t h e  tunne l  i s  given i n  reference 11 and a 
c a l i b r a t i o n  of t h e  nozzle i n  reference 1.2. Br ie f ly ,  t h e  tunne l  i s  of t h e  blowdown 
type and has a t e s t  du ra t ion  from 60 t o  90 seconds, depending on t h e  s t agna t ion  
pressure and model configurat ion.  The t e s t - s e c t i o n  Mach number v a r i e s  s l i g h t l y  
with tunne l  s t agna t ion  pressure because of changes i n  tunnel-wall  boundary-layer 
thickness .  
Tests 
The p resen t  t e s t s  w e r e  conducted a t  a Mach number of 6.77, an average stagna- 
t i o n  p res su re  of 10 atmospheres, and an average s t agna t ion  temperature of 550° F. 
This l e v e l  of s t agna t ion  temperature w a s  maintained i n  o rde r  t o  prevent t h e  l ique-  
f a c t i o n  of a i r  i n  t h e  t e s t  sec t ion .  (See re f .  13.) The r e s u l t i n g  Reynolds number 
corresponding t o  these t e s t  condi t ions w a s  about l35,OOO p e r  inch.  
A six-component s t ra in-gage balance w a s  used t o  measure t h e  f o r c e s  and 
moments on t h e  model throughout t h e  angle-of-at tack range of Oo t o  1800. 
balance w a s  i n s e r t e d  i n  t h e  model a t  var ious angles  t o  t h e  model cen-ter l i n e  
i n  o rde r  t o  cover t h e  intended angle-of-at tack range. These var ious i n i t i a l  
angles,  which may be observed i n  t h e  s c h l i e r e n  photographs, presented later, 
were s e l e c t e d  t o  minimize p o s s i b l e  s t i n g  i n t e r f e r e n c e  e f f e c t s .  The d e s i r e d  
ang le s  of a t t a c k  were s e t  by o p t i c a l  means i n  which a prism mounted on t h e  
model r e f l e c t e d  a p o i n t  source of l i g h t  on a c a l i b r a t e d  s c a l e .  This procedure 
allowed t h e  t r u e  ang le  of  a t t a c k  t o  be obtained i r r e s p e c t i v e  of any load  
d e f l e c t i o n .  
The 
The moment r e fe rence  f o r  a l l  cones w a s  a r b i t r a r i l y  chosen t o  be 0.098 base 
diameters ahead of t h e  c e n t r o i d  of planform area of  t h e  b a s i c  cones without 
s p h e r i c a l  a f t e r b o d i e s .  
The Mach number v a r i a t i o n  i n  t h e  t e s t - s e c t i o n  region w a s  *0.03 o r  l ess .  
The free-stream Reynolds numbers d i d  n o t  vary more than  f10,000 p e r  inch from 
t h e  value previously given. The angles  of a t t a c k  are est imated t o  be accu ra t e  
t o  f O . 2 0 .  The v a r i a t i o n s  i n  dynamic p res su re  due t o  s l i g h t  changes i n  Mach 
numbers with t i m e  are about 22 percent  and were accounted f o r  i n  t h e  reduct ion 
of t h e  data. No c o r r e c t i o n s  are included i n  t h e  data f o r  t h e  pressure a c t i n g  
i n s i d e  t h e  balance s h i e l d .  
THEORETICAL METHODS 
The l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  f o r  t h e  cone conf igu ra t ions  
were c a l c u l a t e d  throughout t h e  angle-of-at tack range of Oo t o  1800 by use of a 
combination o f  impact and modified Newtonian theory.  The impact theory,  based 
6 
on pure momentum consideration, assumes that the local pressure coefficient is 
given by the expression Cp = 2 sin%, where 6 is the local flow deflection 
angle. However, a modification to this theory is that in which the constant 2 
is replaced by the maximum pressure coefficient behind a normal shock in order 
to improve the general agreement between theory and experiment in stagnation 
regions (ref. 14). 
by Lee's approximate equation (ref. 15). 
This maximum pressure coefficient is given to good accuracy 
For the present calculations, impact theory was used for the cone and cone frus- 
tums whereas a modified Newtonian theory was used for the spherical segments and 
flat base. In reference 6, it was noted that better agreement can be obtained by 
using a Newtonian coefficient of 2 for slender cones and for cones with 
larger included cone angles. Therefore, for the cone and cone frustums, a 
Newtonian coefficient of 2 seems reasonable since the present investigation 
involves a 9 O  semivertex cone. The use of cp,max in the calculations for the 
spherical segments seems justifiable from the standpoint of agreement with the 
stagnation values on the spherical segments. It was shown in reference 16 that 
modified Newtonian theory gives good prediction of the pressure distribution on 
a spherical segment. The overall integrated coefficients were computed by using 
the equations and tables given in reference 17 for bodies of this type. 
Cp,max 
RESULTS AND DISCUSSION 
Basic Cone Data 
The londitudinal force and moment characteristics referred to both the body- 
and stability-axis systems are shown in figures 3 and 4 for the various basic 
cones. Increasing the nose bluntness decreases both the normal force and nega- 
tive pitching-moment coefficients (fig. 3 )  throughout the entire angle-of-attack 
range. Also, the axial-force coefficients increase with the nose bluntness below 
about 40°, decrease in the vicinity of go0, and remain relatively unchanged above 
an angle of attack of 120'. At the extreme angles of attack (above 120°), the 
base contributes practically all the axial force and thus, since the reference 
area was the same for all cones, the axial-force coefficients are essentially not 
affected in this angle-of-attack region by blunting the nose. 
Noteworthy in the variation of pitching-moment coefficients with angle of 
attack is the anomalous behavior near an angle of attack of 60' for all cones 
shown in figure 3. Similar anomalous results have been observed at lower angles 
of attack for cones and other bodies in the data for I&, = 1.99 reported in ref- 
erence 18 and also in the data of reference 19 at about the same angle of attack 
for a TO0 swept delta wing at 
and 10 show somewhat similar results at various supersonic Mach numbers for var- 
ious cone configurations. A s  in reference 19, this anomalous behavior may be due 
to the flow between the shock and body changing from supersonic to subsonic in 
M, = 6.8. In addition, the data in references 9 
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Figure 3 . -  Effects of nose bluntness on the longitudinal force characteristics referred to the body- 
axis system. Flagged symbols denote check runs. 
8 
Figure 4.- Effects of nose bluntness on the longitudinal force characteristics referred to the 
stability-axis system. 
9 
this angle-of-attack range. The discrepancies in the pitching-moment coefficients 
for the sharp cone (h/R = 0) near an angle of attack of 50° for the two different 
sizes of models are not known. 
In the extreme angle-of-attack range, a second stable trim condition near 
1800 exists for the blunter cones. This condition is mainly attributed to unsym- 
metrical pressure distribution over the flat base which is essentially the same 
for all cone fineness ratios; however, the sharp cone is unstable in this region. 
This is believed to occur because the pressures on the windward cone surface near 
the base provides a moment which becomes more effective for the sharper cones 
because of the longer pitch-moment arm involved and counteracts the stable inputs 
from the cone base. 
The effects of nose bluntness on the lift and drag characteristics are shown 
in figure 4. 
lift is obtained at angles of attack of about 4 5 O  and l O 5 O ,  respectively. For 
the bluntness ratios considered here, increasing the bluntness results in drag 
increases up to an angle of attack of about 25'. Maximum values of L/D are 
decreased considerably by blunting the cone whereas above an angle of attack of 
600, L/D values are affected to a lesser degree. 
For all bluntness ratios, maximum positive (a < 90°) and negative 
Comparison of Basic Data With Theory 
The longitudinal force and moment characteristics, referred to both the body- 
and stability-axis systems, are compared with theory in figures 5 and 6. 
eral, the theory gives good predictions of the overall trends throughout the 
entire angle-of-attack range. There are, however, regions of appreciable devia- 
tions between theory and experiment which should be noted. 
alous behavior in pitching moment at an angle of attack near 600 (fig. 5) is 
unpredicted. As mentioned previously, this behavior may be due to the onset of 
subsonic flow between the shock and body in this angle-of-attack range. When 
this occurs, cone surface pressure "bleed-off" near the base can become appreci- 
able and result in the experimental trends shown. The theory, of course, does 
not account for this pressure bleed-off and overpredicts the data. References 7 
and 8 which contain local-pressure information at these angles of attack do not 
clearly show this pressure bleed-off near the base. This is not conclusive evi- 
dence that this effect is not present on cones, however, since pressure measure- 
ments were not made within the last 6 percent and 11 percent of the cone length 
in references 7 and 8, respectively. This anticipated reduction in pressure near 
the base of the cone may also have caused the deviation in experimental and pre- 
dicted normal-force coefficients (see fig. 5) in this particular angle-of-attack 
range (550  < a < 900). 
In gen- 
For example, the anom- 
At the extreme angles of attack (near 1800), bleed-off in pressure around 
the edge of the cone base becomes appreciable and thus the axial force is over- 
predicted by theory. As mentioned before, in this extreme angle-of-attack range, 
unsymmetrical pressure distribution over the flat base appears to produce a sec- 
ond stable trim condition near Moo for the blunter cones. 
second stable trim condition was also noted for similar low-fineness-ratio con- 
figurations. Thus, should a cone configuration with a flat base reverse itself 
or tumble because of some unforeseen disturbance, the vehicle might stabilize in 
a backward attitude during reentry. With this in mind, spherical afterbody caps 
In reference 9 ,  a 
10 
(a) Cone I; afterbody I; h/R = 0. 
Figure 5.- Comparison with theory of the longitudinal force characteristics referred to the body-axis 
system for cones of various bluntnesses with and without afterbodies. 
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( b )  Cone 11; afterbody 11; h/R = 0.32. 
Figure 5.- Continued. 
I 12 
a, deg 
( c )  Cone 111; afterbody 111; h/R = 0.65. 
Figure 5.- Concluded. 
U D  
0 20 40 60 80 103 140 160 180 
0,  deg 
(a) Cone I; h/R = 0. LID values are denoted by the flagged symbols in this part. 
Figure 6.- Comparison with theory of the longitudinal force characteristics referred to the stability- 
axis system f o r  cones with various nose bluntnesses. 
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CL 
0 20 40 100 140 180 200 
a, deg 
(b)  Cone 11; h/R = 0.32. 
Figure 6.- Continued. 
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.8 
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-1.2 
a, deg 
( c )  Cone 111; h/R = 0.65. 
Figure 6.- Concluded. 
' were designed whose centers of curvature coincided with the moment reference of 
l the basic cones. Thus, theoretically at least, no pitching moment is produced 
by the spherical cap since all forces on the cap act through the moment refer- 
ence. 
the pressure distribution over other parts of the configuration. Experimental 
data for these cone-afterbody configurations are also shown in figure 5. The 
data indicate that such afterbodies provide an effective means of eliminating 
the likely second stable trim condition near a = 1800 
figurations. At angles of attack below 140°, only small changes in the pitching- 
moment coefficients are noted with the addition of the spherical afterbodies. 
The cap may, however, change the shape of the shock and indirectly affect 
on flat-base cone con- 
Generally, the increment in normal-force coefficient due to the afterbodies 
appears to be predicted fairly well throughout the angle-of-attack range (fig. 5). 
Also, the axial-force coefficients are, in general, better predicted for the cone- 
afterbody configurations than for the basic cones. 
moment coefficient is predicted since all forces on the spherical cap are directed 
through the moment reference. 
No increment in the pitching- 
The lift and drag characteristics for the basic cones are compared with 
theory in figure 6. 
excellent predictions of the trends throughout the entire angle-of-attack range. 
Moreover, closer examination shows that the maximum positive and negative values 
of CL, CD, and L/D with respect to angle of attack are predicted very well 
and, in many cases, the actual magnitudes of these characteristics are satisfac- 
torily predicted. For the sharper cones, (L/D), is overpredicted because 
viscous forces have been neglected by the theory; on these shapes the contribu- 
tion of viscous forces can amount to a significant portion of the total drag 
and thereby lower (L/D)max. The minimum peak in at angles of attack between 
120@ and 140' is underpredicted by theory. 
Newtonian theory characteristically underpredicts the forces on flat surfaces 
(the base) at small flow deflection angles. 
General examination of the figures reveals that theory gives 
This result stems from the fact that 
Effects of Nose Bluntness on C w  Ck, (L/D)max, and ( C L ) ~ ~ ~  
The effects of nose bluntness on Cma, C~cr, ( C L ) ~ ~ ,  and (L/D), are 
shown in figure 7. Both data and theory show a decrease in C& and negative 
Cm, with increases in nose bluntness. Both of these parameters are predicted 
very well for the sharp cone; however, the experimental data show a much greater 
drop off with increases in nose bluntness than is indicated by theory. 
h/R = 0.65, C& is overpredicted by about 100 percent and negative C& is 
is predicted very well by theory. However, maximum lift-drag ratio is overpre- 
dieted considerably for the sharper cones because the theory used neglected vis- 
cous forces. 
between theory and experiment for (L/D)max 
accounted for. 
For 
overpredicted by about 200 percent. For all bluntness ratios, (CL),~ (a < 900) 
It was shown for cones in reference 6 that much closer agreement 
is obtained when skin friction is 
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I 1 I , 1 .L 1' I I I I 
0 '  0 .2 .4 .6 .8 1 .o 0 .2 .L .6 .8 1.0 
h/R h/R 
Figure 7.- Comparison between theory and experiment for \, CL,,,, (L/D)max, and ( C L ) ~ ~ ~  for various 
bluntness ratios. 
Schl ie ren  Photographs 
Typical  s c h l i e r e n  photographs a r e  shown i n  f i g u r e s  8 and 9 f o r  t h e  var ious  
conf igura t ions  t e s t e d .  
obtained a t  an angle  of a t t a c k  of Oo by b lun t ing  t h e  cone. 
of a t t a c k ,  however, b l u n t i n g  t h e  cone appears gene ra l ly  t o  a f f e c t  t h e  shape of 
t h e  shock only near  t h e  nose reg ion  of t h e  model. 
s t r a i g h t  f o r  t h e  sharp cone up t o  angles  of a t t a c k  of about 55' and f o r  t h e  b lun t  
cones from angles  of a t t a c k  of approximately 20' t o  55'. 
t u r e  begins  t o  occur; t h i s  condi t ion  i n d i c a t e s  t h e  onset  of subsonic flow between 
t h e  bow shock and t h e  body which can r e s u l t  i n  apprec iab le  pressure  bleed-off  
near t h e  cone base as discussed previous ly .  
A s  expected, considerable  changes i n  t h e  shock shapes a r e  
A t  t h e  higher  angles  
The bow shock i s  e s s e n t i a l l y  
Above 55' shock curva- 
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,--
h/R=O h/R = 0.320 h/R = 0.650 
Figure 8.- Schlieren photographs of basic cone models. L-62-7050 
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Ci = 110° 
Ci = 180° 
h/R= 0 h/R = 0.320 
Figure 8.- Concluded . L- 62-705l 
Ci = 147° 
h/R = 0 .650 
/ 
a = 180° 
h/R= 0 
a = 165° 
h/R = 0.320 
a=175° 
h/R = 0.650 
Figure 9 .- Schlieren photographs of the models with afterbodies . L-62-7052 
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CONCLUSIONS 
The following conclusions were obtained from the analysis of force and moment 
test results at a Mach number of 6.77, a Reynolds number per inch of l3fs,OOO, and 
an angle-of-attack range from 0' to 180° on both sharp and spherical blunted cone 
configurations having semivertex angles of 9': 
1. A second stable trim condition occurs near a = 180° for flat-base cone 
configurations of low fineness ratio. 
2. The addition of spherical afterbody caps whose centers of curvature coin- 
cide with the respective moment reference eliminates this second trim condition. 
3. A comparison of the experimental data with theory using a combination of 
impact and modified Newtonian theory over different portions of the body shows 
that, except for the stable region at an angle of attack of 180° for the blunt 
cones, the method provides an adequate means of predicting the general trends 
of cone configurations throughout the entire 1800 angle-of-attack range. 
over, the magnitudes of the characteristics are predicted satisfactorily in many 
instances. At an angle of attack of Oo, however, the method significantly over- 
predicts the lift-curve slope C h  and negative pitching-moment-curve slope 
Ga 
More- 
I for the cones with large nose bluntness. 
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